Root-knot nematodes, Meloidogyne spp., are among the most important parasites of the lettuce crop. Managing these organisms is difficult due to limitations in genetic (use of resistant cultivars) and chemical control. Thus, new practices should be sought to reduce their reproduction. The present study aimed to evaluate the application of organic amendments in the control of Meloidogyne incognita in lettuce. At first, tomato plants were inoculated to establish an initial population in the soil. After 60 days, the aerial part was discarded, and the lettuce seedlings were transplanted into pots. Two days after transplanting, the treatments bokashi, crambe cake, whey protein, cottonseed composted and shredded wood chip composted were applied at 20 g or 20 mL per pot. Water was applied as control treatment. After 70 days, bokashi and crambe meal reduced the number of eggs/g of root and promoted plant growth. Results obtained with whey protein, cottonseed meal and composted shredded wood chip did not differ from those obtained with the control treatment. Bokashi and crambe cake are effective in the M. incognita control under controlled conditions.
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Hortic. bras., v. 33, n. 4, out. -dez. 2015 horticultura horticultura brasileira brasileira L ettuce (Lactuca sativa) is one of the most widely grown leafy vegetables, with China supplying 50% of the lettuce grown worldwide, followed by the United States and the European Union (FAO, 2005) . Brazil produces 525,602 tons of lettuce, which corresponds to 11% of the national production of vegetables (HortiBrasil, 2013) .
The occurrence of plant diseases can limit the productivity of this crop, especially root-knot nematodes, to which many cultivars are susceptible (Fiorini et al., 2007; Dias-Arieira et al., 2012) . In regions with high temperatures, the species Meloidogyne incognita and M. javanica are the most destructive (Fiorini et al., 2007) , and may cause 100% loss in production, depending on the infestation level and the cultivar used (Charchar, 1995) .
In the field, these nematodes have high reproductive rates, which increase the population density of the pathogen in the soil. The main observed sign is the presence of galls on the roots, which become shorter and with few side roots. In the aerial part, the plants are yellowish, stunted, smaller, lighter and withered lettuce heads may be seen (Pinheiro et al., 2013) .
After the establishment of a population of nematodes in a given area, eradication is impossible, and the adoption of integrated management actions is required. The use of chemical control has limitations to vegetables, especially the toxicity of products and lack of registration for lettuce and other plants in Brazil (Charchar, 1995) .
The use of resistant cultivars is the most desirable method to reduce the nematode population, particularly because of absent risk to the producer and to the environment. Therefore, the search for resistant cultivars to Meloidogyne spp. is continuous (Fiorini et al., 2007; Silva et al., 2008; Ferreira et al., 2011) . The curled-leaved cultivars have been cited as more tolerant to root-knot nematodes (Fiorini et al., 2005) . However, the number of resistant and adapted genotypes to the different cultivation regions is limited.
Alternative methods, such as crop rotation, have been suggested for the management of these parasites on lettuce, including the cultivation of nematode antagonists (Moraes et al., 2006; Santana et al., 2012) which, besides reducing the population of nematodes, promote the improvement of physical, chemical and biological properties of the soil (Charchar et al., 2009) . However, this control method is not always accepted by the producer, who often cannot afford to keep areas uncultivated for periods of 60 to 90 days.
Therefore, searching for other management alternative is important, and the use of organic amendments provides many benefits, such as the increase in the population of natural enemies (Oka, 2010) , changes in physical and chemical properties of soil, including base saturation, porosity and conductivity of water, which leads to better plant growth and greater tolerance to pathogens (Akhtar & Malik, 2000; González et al., 2010) . Despite the positive results of the research involving the use of organic amendments in the control of nematodes (Lopes et al., 2008; Roldi et al., 2013) , some sources have not been fully assessed. Thus, we aimed to assess the effectiveness of organic amendments in the control of M. incognita in lettuce.
MATERIAL AND METHODS
The experiment was conducted a t U n i v e r s i d a d e E s t a d u a l d e Maringá, Paraná State, Brazil, in entirely randomized design, with five replications, in two different environments, from April to August, 2012. Experiment 1 was carried out in the greenhouse, at temperatures ranging from 21.0 to 28.0ºC, while in experiment 2 the area was covered with a mesh, and temperatures ranged from 16.3 to 26.0ºC.
Tomato cultivar Santa Clara seedlings, produced in polystyrene trays using Plantmax ® substrate, were transplanted, after 15 days of germination, to 2 liter plant pots, containing a mixture soil:sand (2:1, v:v), previously autoclaved at 120ºC for 2 h. After the second pair of leaves was fully expanded, seedlings were inoculated with 5,000 eggs and secondstage juveniles (J2) of M. incognita. The inoculum was obtained from a pure nematode population kept on roots of tomato plants, cultivar Santa Clara. The inoculum was extracted according to the method proposed by Hussey & Barker (1973) , adapted by Boneti & Ferraz (1981) . The suspension was calibrated for 1,000 eggs and J2/mL.
After 70 days of cultivation, the aerial part was discarded and the soil was superficially revolved. Subsequently, the lettuce cultivar Vera, produced on trays, as previously described for the cv. Santa Clara, was planted in each pot. Two days after transplant, the treatments were applied, which consisted of bokashi, crambe cake, whey protein, cottonseed composted and shredded wood chip composted. The treatment with water was used as control. The treatments were applied at the superficial soil layer (5 cm depth), at the concentration of 20 g/pot, except for whey protein and water, which were applied at a concentration of 20 mL/pot.
The bokashi used in the study was commercially produced by Nutri Bokashi (Korin ® ); the crambe cake, byproduct of the extraction of oil from the seeds of Crambe abyssinica (Brassicaceae) using mechanical press, was donated by RM Indústria (Campo Grande, Mato Grosso do Sul); the whey protein was donated by Umuleite (Umuarama, Paraná) and the composted waste was obtained by grinding the material, making piles and fermentation for approximately 90 days.
Sixty days after application of the organic amendments, vegetative variables were assessed (mass of aerial part and fresh roots), and nematological variables {total number of galls and eggs/g of roots (obtained by the total number of nematode divided by the root mass)}. The eggs were extracted according to the method previously cited and evaluated in Peter's plate under an optical microscope.
The data obtained were subjected to analysis of variance, and the average values compared by Tukey test at 5% probability. For analysis, the original data were transformed by .
RESULTS AND DISCUSSION
The highest values of total number of galls were obtained for the treatment with bokashi (experiment 1) and crambe cake (experiment 2) (Table 1 ). However, assessment of the number of galls/g of roots showed no statistical difference between the treatments in experiment 1, while in experiment 2, the lowest values were obtained in the treatments with bokashi and crambe cake ( Table 1) .
The number of eggs/g of roots was significantly lower in the treatments with bokashi and crambe cake compared to the control, in both experiments. Although whey protein was as effective as crambe cake, it did not differ from the control treatment and was less effective than bokashi (Table 1) .
The bokashi, organic compound originated from the fermentation of the meals, reduced the number of eggs of M. incognita in 96.9 and 98.9% in experiments 1 and 2, respectively, compared to the control. Roldi et al. (2013) have previously found that the egg number of M. incognita in tomato plants was reduced from 4517.8 to 353.6 and from 5857.8 to 251.4 when bokashi was applied to soil in the concentration of 20 g per pot (2 liter pots). The organic compounds of bokashi, especially castor bean, would be responsible for the effect of the product on nematodes (Roldi et al., 2013) , since castor bean had effectively reduced nematodes in other studies (Lopes et al., 2009) .
The crambe cake was one of the organic amendment sources that promoted the greatest reduction in nematode eggs number compared to the control treatment, with a decrease of 94.3 and 97.2% in experiments 1 and 2, respectively, corroborating several studies available in the literature, which report the potential of leftover cakes of vegetable origin for the control of nematodes (Lopes et al., 2008; Umar & Simon, 2008; Lopes et al., 2009; Tiyagia et al., 2011; Roldi et al., 2013) . In soybean, the crambe cake reduced the population of M. javanica when applied in a concentration of 31.32 g per pot (2 liter pots) (Tavares-Silva et al., 2012) .
Cakes derived from the grinding of other brassica vegetables were also found to be effective in pathogen control. A study carried out by Mazzola et al. (2001) showed that the use of cakes made from seeds of Brown or Indian mustard (Brassica juncea), white mustard (Sinapis alba) and canola controlled Rhizoctonia solani and Pratylenchus penetrans, in apple orchard, with better results obtained when applying Brown mustard. The same result was obtained by Reardon et al. (2013) , who observed that a Brown mustard cake was more effective in the control of soil nematodes than that obtained with canola (Brassica napus).
Since the cultivation of crambe is recent in Brazil, research on this plant is still limited. Thus, regarding the cake, there is no information on the substances involved in the control. However, since it is a species of the Brassicaceae family, it is possible that it includes compounds already found in other plants of the same botanical family, such as glucosinolates, including isothiocyanates (ITC), nitriles, thiocyanates and epinitriles, whose nematicidal effect was already demonstrated (Potter et al., 1998) .
In experiments 1 and 2, whey protein reduced the number of eggs/g from roots from 76.9 to 54.3%, respectively, compared to the control. This byproduct promoted 100% of mortality of secondstage juveniles of Meloidogyne exigua (Salgado & Campos, 2003) . The authors credited the obtained results to the presence of living microorganisms in the material, which modify the concentration of carbon dioxide, reducing the oxygen needed for the metabolic activity of nematodes. This product has been used for the management of other diseases such as mildew (Ferrandino & Smith, 2007) . One hypothesis to explain the positive results in the control of pathogens is the presence of lactoferrin, a natural antimicrobial agent present in the byproduct (Brown et al., 2008) . However, further experiments are needed, since there are no studies in the literature that support this hypothesis.
The composted waste obtained from cottonseed and shredded wood chip did not effectively control the nematode (Table 1) , nor stimulated the vegetative growth of lettuce (Table 2) . There is no further information available about the action of these materials on the population of nematodes and, although composted waste of different In both experiments, bokashi and crambe cake increased the fresh mass of the aerial part and roots of lettuce compared to the other treatments ( Table  2 ). The average values obtained for the fresh mass of the aerial part in lettuce grown in soil treated with bokashi were 26.15 and 26.17 g, in experiments 1 and 2, respectively, while in the control treatment the values were 0.66 and 2.55 g. The respective values for the treatment with crambe cake were 32.98 and 68.96 g. The root mass ranged from 6.88 to 9.23 g and 6.62 to 14.66 g for the treatments with bokashi and crambe cake, respectively, while for the control treatment, the mean values ranged from 0.29 to 1.03 g. In experiment 2, the development of the plant treated with crambe cake was more significant than that of the plant treated with bokashi (Table 2) . On the other hand, in the same way as the composted waste, the whey protein did not promote the vegetative development of the plant, when compared to the control treatment ( Table 2) .
The action of bokashi on the plant development had previously been observed when the addition of 20 g in 2 liter plant pots increased the height, dry mass of root and dry and fresh mass of aerial part of tomato (Roldi et al., 2013) . According to Zandron et al. (2003) , the positive effect of bokashi that increased the production of tomatoes was due to the supply of the nutrients contained in the product. Similarly, in studies with crambe cake, the vegetative parameters height, fresh and dry mass or the aerial part and fresh mass of the root of soybean increased with increase in the concentration of the cake from 10 to 50 g/pot (Tavares-Silva et al., 2012) .
The results showed that the organic compounds bokashi and crambe cake effectively reduce the population of M. incognita and increased the development of lettuce crop under controlled conditions.
